In 1955 the effect of poliomyelitis virus type 1, Mahoney strain, on tissue cultures of the human brain was reported by Hogue et al. (1) . In the present work similar studies are reported with poliovirus type 2, MEF I strain, and type 3, Saukett strain. 3 For the experiments, small pieces (1 millimeter in diameter) of human brain tissue obtained at operations and autopsies were grown in hanging drop cultures. Most of the tissue cultures were made from cerebellums though a few were made from temporal lobes. The same culture medium and techniques were used as in former experiments (1) . There were several types of cells in these brain tissue cultures. Large neurons, oligodendroglia and macrophages were easily recognized, but 1 From the Department of Anatomy, School of Medicine, University of Pennsylvania, Philadelphia, Pa., and South Jersey Medical Research Foundation, Camden, N. J. This work was aided by a grant from The National Foundation for Infantile Paralysis, Inc. 2 For the brain tissue used in these experiments, we are indebted to Dr. G. M. Austin of the Hospital of the University of Pennsylvania, to Dr. German and staff of Cooper Hospital, to Dr. Groff of the Graduate Hospital of the University of Pennsylvania, and to the Anatomical Board of the State of Pennsylvania. We are also indebted to Dr. H. Wenner for the antiserums used in this study. Mr. Lawrie Winning was most helpful in the photographic work.
8 These strains were maintained at the South Jersey Research Foundation, Camden, N. J.
small nerve cells and astrocytes were often difficult to identify; hence the term "brain cell" has frequently been used to include both types of cells.
Nearly all of the tissue cultures were stained with the vital dye neutral red which stains certain cytoplasmic granules in living cells. When the cells die the color disappears from the granules. As long as the tissue cultures were in good condition, the age of the culture did not seem to affect the results of the experiments. Each experiment had its own controls, tissue cultures of the same age, from the same part of the same brain. Ninety-eight-day-old culture from the cerebellum of a fetus measuring 170 millimetera from crown to rump. Poliovirus type 2, titer 10*-*, was added at 11:00 A.M. figure 2 ) the long cell process had become granular and was being drawn into the cell body. This contraction continued (figure 3 at 1:23 P.M.) until the process was almost completely within the cell body (figure 4 at 2:30). By 3 :30 P.M. the neutral red stain had disappeared from the cytoplasmic granules, indicating that the cell was dead. This contraction of the cell processes and thickening of the cell body was followed in other cells, parts of which are seen in the same field. The next day all the cells on this slide were abnormal or dead.
RESULTS

The effect of poliomyelitis virus
Another slide inoculated at-the same time with poliovirus type 2 with a titer of 10° reacted in the same manner but more slowly. This general sequence of events was followed in all the experiments with poliovirus type 2.
As controls for these experiments, tissue cultures of the same origin and same age were treated in the following ways: to one tissue-culture virus-free medium no. 199 (2) was added; to a second tissue culture the nutrient medium called "food" (1) was added; and to a third tissue culture diluted monkey serum was added. The tissue cultures gTew well in all 3 media, showing that it was the poliovirus type 2, and not the culture medium or the manipulation that caused the death of the brain cells. , 10" or 10 8 -6 TCID n0 viable particles per ml. The tissue cultures were made from the cerebellums of fetuses, premature infants, infants which lived 2 and 4 days and adults 41 to 62 years old. A few cultures were made from the temporal lobes of a 2-day-old infant and of a 62-year-old man. The cultures varied in age from 6 to 122 days.
In a representative experiment, poliovirus type 3, Saukett strain, titer 10°, was added at 11:15 A.M. to a 122-dayold culture of the cerebellum from a 4-day-old-baby. A single large neuron was studied. Part of this extended cell is shown in plate II, figure 5 taken at • 11:41 A.M. It was actively moving about. By 1:00 P.M. the processes were becoming granular and contracting. By 2:00 P.M. (figure 6) the upper process was still contracting and the cell had changed its shape. The processes con-, tinued to contract (figure 7) until at ' 7:00 P.M. (figure 8) they were short, thick and granular. The following day this particular cell could not be identified but all the cells in the culture were abnormal or dead. There was no recovery. The controls were in good condition. This was the sequence of events in all the experiments when poliovirus type 3 was used.
Comparison of the effect of 3 types of poliovirus. The purpose of these experiments was to see whether one could distinguish any difference in the reactions of the brain cells to the 3 different types of polioviruses by con- Only rows of granules remain where the cell processes had been. Figure 16 , taken 6 days after inoculation, showB further degeneration. Figure 13 , the control taken 3 days after the experiment began, shows the brain cells in good condition.
In another series of 7 experiments, polioviruses types 1, 2 and 3, all of titer 10 6 , were added to 33 tissue cultures of cerebellum. The tissues came from a fetus measuring 235 millimeters from crown to junip and from 2-and 4-day old infante. The age of the cultures when used varied from 12 to 56 days though all the cultures used in any one experiment were of the same age.
In these experiments, at the end of the first day the slides infected with poliovirus type 1 were more severely affected than those infected with types 2 and 3. At the end of the second day, the cultures infected with poliovirus type 1 were still the most seriously injured. On the last day of the experiments, which varied from 4 to 7 days, the final reading of the slides showed that poliovirus types 1 and 3 had caused greater injury to the brain cells than type 2. The controls were in good condition.
Heated poliovirus types 2 and 3. Polioviruses type 2, titer 10 T B and type 3, titer 10 s , were heated in a water bath for 30 minutes at 60 C. When they were added to 140-day-old cultures of cerebellum, the brain cells were not affected, while the control cultures treated with unheated viruses types 2 and 3 contained many abnormal and dead cells. Other controls which were fed the nutrient mediums "food" and no. 199 were also in good condition. The effect of poliovirus types 2 and 3 plus their specific antiserums on human brain cells. Three experiments were performed with poliovirus type 2 and specific monkey antiserum obtained from Dr. Wenner. The titer of the poliovirus was 10" In two of the experiments the tissue cultures came from a 170-millimeter fetus and were 23 and 43 days old. In the third experiment the cultures were 29 days old and came from the brain of a premature baby which lived 36 hours. In each experiment the nutrient culture medium was first withdrawn. Then a loopful of antiserum diluted 1 in 25 was added, followed by a loopful of poliovirus. The brain cells remained in good condition with processes extended and with neutral red stain in the cytoplasmic granules. The controls treated with poliovirus type 2 without antiserum reacted to the virus by contraction of their processes, rounding of the cell body and loss of neutral red stain. Three days later all the controls were dead while the cultures protected by the specific antiserum were in good condition and remained so until the fifth day when the experiment was terminated. Control cultures treated with normal monkey serum or with "food" without the virus were also in good condition. Two experiments were performed with poliovirus type 3 plus its specific antiserum with similar results.
DISCUSSION
When antiserum for each type of poliovirus was added to a tissue culture of human brain cells along with, its specific virus, the cells remained in good condition, being protected by the antiserum. Bobbins, Enders and Weller (3) used specific antiserums for the Lansing and Brunhilde strains and showed similar specific protection of monkey-kidney cells, and Ackermann and Kurtz (4) found that immune serum would inhibit the cytopathogenic effect of poliovirus in HeLa cells.
In 1955 Barski, Eobineaux and Endo (5) took phase contrast pictures of fibroblasts with lesions produced by polioviruses type 1, Mahoney strain and type 2 MEF I strain. Their pictures show a thickening of the perinuclear area and the formation of a thick mass of granules which indent the nucleus. So far, no special inclusions have been recognized in the brain cells treated with polioviruses. The cells when contracted often appear more granular. In a few experiments, some cytoplasmic granules with neutral red stain, were clumped together in dense masses like plaques, as many as 4 or 5 in a cell. They did not indent the nucleus and were only seen in a few experiments.
SUMMARY
In the experiments reported here polioviruses types 2 and 3 produced similar changes in human brain cells in tiasue culture, i.e., first the tips of the cell processes and then the processes 
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Fifty-flve-day-old culture of cerebellum from a 4-day-old baby. Inoculated with poliovirus type 3, titer 108. themselves contracted. Sometimes the processes were drawn partially or completel}' into the cell body. Quite often a bulb-like swelling was formed at the tip of a process. The cell bodies became more granular and the cytoplasmic granules which had been stained with neutral red slowly lost their color. The cells continued to contract, then fragmented, leaving masses of grannies which disappeared in the medium. The rate at which the cells responded to the virus depended on the titer and the type of the virus. Usually the brain cells responded more slowly to type 2 virus. There was little difference in the time of reaction to types 1 and 3. The specificity of the degenerative effects produced by the virus was shown by heating the viruses for 30 minutes at 60 C and by neutralization with type specific poliovirus antiserum. 
